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ABSTRACT 

This paper is about formulation and evaluation of 

nano lipid based antimalarial drugs Artemether and 

lumefantrine by forming liposomes by the means of 

parentral route. Liposomes were chosen as they 

provide continuous medication release, which 

lowers dosage frequency and improves patient 

compliance. Additionally, these nanoliposomes 

could direct medication to the liver, which is where 

it acts. Parentral route is used since it will solve the 

bioavailability issue with oral and intramuscular 

routes. This approach will further result in dose and 

dose frequency reduction, resulting in therapeutic 

patient compliance. 

 

I. INTRODUCTION 
There are four main Plasmodium species 

that cause human malaria, including P. vivax, P. 

falciparum, P. malariae, and P. ovale. The main 

causes of the subpar clinical effectiveness of anti-

malarial medications include the poor and variable 

oral bioavailability, a lack of dose proportionality, 

& gastrointestinal tract degradation. Malaria 

treatment is hampered by two key factors: rapid 

medication resistance & extensive occurrence. It 

takes a lot of time and money to discover novel 

chemical entities & develop commercially viable 

formulations. 

The herb Artemisia annua (Compositae), 

which has a unique sesquiterpene lactone with a 

peroxy group, is used to make the potent 

antimalarial medication artemether. It is triggered 

by intra-parasitic heme iron, which catalyses the 

cleavage of endoperoxide inside malaria parasites. 

It has excellent antimalarial activity and low 

toxicity because of its distinct structure and mode 

of action. 

It is feasible to trap both hydrophilic 

and/or hydrophobic drugs there simultaneously and 

effectively thanks to the phospholipid bilayer 

membrane structure of liposomes. Using liposomes 

can improve drug distribution in living things while 

reducing drug release in vivo. The medicine's 

plasma concentration-time profile in 

nanoliposomes demonstrated a larger enhancement 

in the drug's bioavailability. Due to all of their 

beneficial characteristics, nanoliposomes are a 

better method of transport for artemether and 

lumefantrine. 

The two main components of liposomes, 

which are self-assembling lipid bilayers with an 

aqueous centre, are cholesterol and amphiphilic 

phospholipids. Hydrophobic and hydrophilic 

substances can be enclosed in a bilayer or an inner 

cavity using a variety of loading techniques. To 

improve target selectivity and reduce enzymatic 

drug degradation, certain ligands can be converted 

into liposomal carriers. Numerous liposomal 

medications can be used to treat various cancer 

types. 

 

II. METHODOLOGY 
Preparation of Vesicle  

Liposomes were produced under carefully 

regulated conditions using the ether injection 

technique.  

 Soy lecithin and cholesterol were first 

dissolved in 20 cc of ether at various 

concentrations. Drugs were either dissolved 

separately or in combination in chloroform.  

 The 25 cc of the aqueous phase containing 

pluronic F68 was then gently mixed with the 

organic phase. The solution was heated to 60 

°C and stirred magnetically to evaporate the 

organic phase.  

 The remaining portions of the organic phase 

were then extracted using a rotary evaporator 

working at a reduced pressure. The size of the 

resulting dispersion was further diminished 

using an ultrasonicator.  

 Sucrose was used to prevent the 

nanoliposomes from freezing before they were 

freeze dried.  

 By rehydrating lyophilized nanoliposomes 

with distilled water to make an aqueous 
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solution, it was required to check whether 

sucrose was effective as a cryoprotectant at the 

concentration utilised. 

 All formulations were stored at 5 °C before to 

use. Lumefantrine and artemether were 

formulated in a variety of concentrations, both 

separately and jointly, to optimise the final 

product. 

 

 

III. RESULT AND DISCUSSION 
Stability studies for nanoliposomes 

The particle size of the NLs rose steadily 

over course of 60 days, from 120.6 to 150.1 nm. 

The partial aggregation caused by reduction in high 

surface-to-volume ratios may have had a role in 24 

percent increase in particle size seen in NLs after 

60 days. However, only a 27% increase in particle 

size was seen after 60 days when NLs were freeze 

dried. 

 

S. No  

   Time (Days)    

0  10  15  30  45  60  

Nanoliposomes before drying      

Vesicle Size 

(nm)  

120.6 ±  

9.4  

121.3 ±  

7.2  

126.5 ±  

8.4  

135.8 ±  

8.2  

142.4 ±  

6.6  

 150.1 ±  

7.8  

PDI 0.25 0.26 0.28 0.30 0.36 0.38 

EE-ART (%)  61.2 ± 3.5 60.3 ± 5.2 60.6 ± 2.6 59.5 ± 6.4 
56.5 ± 4.3 

55.9 ± 3.7 

EE-LMF (%)  47.3 ± 2.7 47.3 ± 2.9  45.1 ± 2.2 43.8 ± 3.6 
42.5 ± 3.7 

40.3 ± 2.9 

Nanoliposomes after drying  
    

Vesicle Size 

(nm)  

125.3 ±  

10.2  

128.6 ±  

8.2  

132.3 ±  

8.2  

145.8 ±  

9.3   

151.9 ±  

8.2  

158.7 ±  

10.3  

PDI 0.23 0.24 0.33 0.36 0.37 0.38 

EE-ART (%)  66.2 ± 2.8 65.2 ± 2.2 65.2 ± 3.5 64.4 ± 3.6 62.2 ± 3.2 60.7 ± 3.2 

EE-LMF (%)  53.5 ± 2.4 53.1 ± 2.7 52.2 ± 2.8 51.8 ± 3.4 
51.7 ± 3.3 

49.2 ± 3.2 

 

Results of accuracy and precision  

Stock solutions with an ART 

concentration of 5 g/mL and a LUM concentration 

of 30 g/mL were used to show the precision and 

accuracy of the method. The experiment was 

carried out three times with six replicate dilutions 

of the same concentration every two hours on the 

same day in order to analyse intraday precision and 

accuracy. Three separate days were used to 

evaluate the accuracy and precision between days. 

While accuracy was evaluated using the (drug 

identified / drug present) percentage recovery 

multiplied by 100 

 

Drug Present  Parameter  Intra-day   Inter-day   

Artemether  

5 µg/mL  

Drug found  4.98  5.06  

Precision as CV %  5.9  5.3 

Accuracy (%)  99.88  101.6  
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Lumefantrine  

30 µg/ml  

Drug found  30.13  30.07  

Precision as CV %  1.5  1.3  

Accuracy (%)  100.41  100.26  

 

Pharmacokinetic data of ART-LUM solution 

and nanoliposome formulation 

The ART+LUM-NLs solution had a 

substantially higher AUC than the ART+LUM 

solution. Although the drug's initial concentration 

in plasma was higher than it was in ART+LUM 

solution (Cmax), PK data demonstrate that drug 

was swiftly flushed from circulatory systemEven 

though ART+LUM-NLs contained less medication 

than ART+LUM solution, they displayed a longer 

MRT, or prolonged residence period of ART+LUM 

in systemic blood circulation.The results suggested 

that ART+LUM-NLs would be effective at low 

doses. According to these results, the parenteral 

liposomal formulation of lumefantrine and 

artemether would be adequate to address the 

problem of drug resistance while simultaneously 

enhancing efficacy and minimising side effects. 

 

PK Parameter  

Solution  Nanoliposomes  

Artemether  Lumefantrine  Artemether  Lumefantrine  

Cmax (ng/ml)  2938.0 ± 362.5  2540.0 ± 227.9  2097.7 ± 374.4  1825.0 ± 325.7  

AUC0-t (ng.h/ml)  6352.4 ± 123.2  4319.5 ± 212.3  20750.5 ± 1453.6  11552.6 ±1251.4  

AUC0-∞ (ng.h/ml)  6583.3 ± 136.3  4598.0 ± 111.6  20962.6 ± 1142.4  11864.4 ± 1264.3  

MRT (h)  4.33 ± 0.32  3.87 ±0.42  13.86 ± 0.86  12.46 ± 0.45  

Vd (L/kg)  2.28 ± 0.32  2.22 ± 0.16  2.58 ± 0.54  2.39 ± 0.56  

CL (L/h/kg)  1.35 ± 0.83  1.33 ± 0.22  0.64 ± 0.12  0.54 ± 0.42  

t1/2 (h)  9.63 ± 5.73  8.78 ± 5.73  12.53 ± 3.12  11.42 ± 5.73  

 

IV. CONCLUSION 
ART+LUM-NLs demonstrated that liver 

(40.4 percent) and spleen (26.2 percent) exhibited 

considerable drug concentrations, in contrast to 

ART+LUM solution. Schizontocyte treatment is 

primarily used in liver and spleen, therefore results 

speak for themselves. 

The improved biodistribution of drugs in 

the liver and spleen as a result of the developed 

liposomal formulation further demonstrates the 

effectiveness of the system. Furthermore, compared 

to solution, liposomal formulation showed that 

modest medicine concentrations were found in the 

kidney, lung, and heart. The liposomal formulation 

is significantly less dangerous than the solution 

formulation, based on the biodistribution pattern. 

Following the aforementioned 

conclusions, toxicological, pharmacokinetic, and 

biodistribution studies showed that nanoliposomes 

successfully created using the ether injection 

approach and co-loaded with lumefantrine and 

artemether displayed improved safety and efficacy 

characteristics. Therefore, developing a liposomal 

formulation of artemether and lumefantrine for 
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parenteral administration is a novel strategy for 

treating malaria in an emergency. 

 

REFERENCES 
[1]. AM Abdul-Fattah, HN Bhargava Preparation 

&in vitro evaluation of solid dispersions of 

halofantrine. Int J Pharm.2002; 235-237.  

[2]. G Achrish,KDipnkar,S Ritu 

Pharmacokinetic, solubility & dissolution 

profile of Anti-malarial drugs. 

IJPPR.2012;624-651.  

[3]. E Acosta Bioavailability of nanoparticles in 

nutrient and nutraceutical delivery. CurrOpin 

Col Inter Sci. 2009; 3-15.  

[4]. N P Aditya, G Chiote,K Gunalan, R 

Banerjee, S Patankar, B Madhusudhan . 

Curcuminoids-loaded liposomes in 

combination with arteether protects against 

Plasmodium berghei infection in mice. 

2012; 292-299.   

[5]. E Alexopoulou, A Georgopoulos, K A 

Kagadis, C Demtzos. Preparation and 

characterization of lyophilized liposomes 

with incorporated quercetin. J Liposome 

2006;17-25.  

[6]. J Anita LB,Michelne G,,Audey H,Brno 

B,InesVW,PatrikE,Odile MP,Grham AB. 

Structure of a Plasmodium falciparum 

PfEMP1 rosetting domain reveals a role for 

N-terminal segment in heparinmediated 

rosette inhibition.Proc Natl Acad Sci U S A. 

2011;5243-5248.  

[7]. NC Amin F Huguete B Marie-Dominique M 

Jerome A Michele. Determination of 

artemether and lumefantrine in anti-malarial 

fixed-dose combination tablets by 

microemulsion electrokinetic 

chromatography with shortened injection 

procedure. Malaria J. 2013; 202.  

[8]. B Aricat  Y Ozer M T Ercan M Hincal AA 

Characterization, in vitro and in vivo studies 

on primaquine diphosphate liposomes. J of 

Micro. 1995; 469-485.  

[9]. Baird JK. Chloroquine Resistance in 

Plasmodium vivax. Anti Ag Chemo.2004; 

4075-4083.  

[10]. M Beija R Salvare V Lauth, Marty 

J.Colloidal systems for drug delivery: from 

design to therapy. 2012;485-496.  

[11]. D Bhadra AK Yadav S Bhadra  

Glycodendrimeric nanoparticulate carriers of 

primaquine phosphate for liver targeting. Int 

J Pharm. 2005 221-233.  

[12]. Borrmann S Ingrd LSunny OBenido 

I,Pierre-Blaise M,Ayola AA,Saadou I,Jurgen 

FJK ,David HJochen WHassan JPeter 

GK.Fosmido-mycin plus clindamycin for 

treatment of pediatric patients aged 1 to 14 

years with Plasmodium falciparum malaria. 

Anti Ag Chem.2006; 2713-2718.   

[13]. Callaway E. Malaria research should go to 

“basics”. Nature. 2007; 449: 266.  

[14]. NM Carballeira. New advances in fatty acids 

as antimalarial, Antimycobacterial and 

antifungal agents. Prog Lipid Res. 2008:50-

61.  

[15]. Q Chen, Schlihtherle M, Wahlgren M. 

Molecular aspects of severe malaria. Clin 

Micro Rev;439-450.  

[16]. HI Chang HI, Yeh MK. Clinical 

development of liposome-based drugs: 

formulation, characterization, and 

therapeutic efficacy. Int J Nano-med. 2012: 

49-60.  

[17]. C Foged, I Rosenkrands HM Nielsen P 

Andersen, EM Agger. Trehalose preserves 

DDA/TDB liposomes and their adjuvant 

effect during freeze-drying 

Biophys.2007;2120-2129.  

[18]. AF Cowman BS Crabb. Invasion of red 

blood cells by malaria parasites Cell. 

2006;755-766.  

[19]. DJ Crommelin G Storm Liposomes: from 

the bench to the bed. J Liposome 2003;33-

36.  

[20]. JX Cui Li CL, YJ Deng Y Wang W Wang. 

Freeze-drying of liposomes using tertiary 

butyl alcohol/water cosolvent system Int J 

Pharm.2006;131-136. 

[21]. RM Cunha, M Prudencio MM Mota W Haas 

W. Antimalarial drugs - host targets 

(re)visited. Biotech J.2006; 321–32.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewit-Bentley%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewit-Bentley%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewit-Bentley%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewit-Bentley%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guillotte%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guillotte%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guillotte%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hessel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vigan-Womas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=England%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=England%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=England%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mercereau-Puijalon%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mercereau-Puijalon%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mercereau-Puijalon%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentley%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentley%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21402930
http://aac.asm.org/search?author1=Ingrid+Lundgren&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Ingrid+Lundgren&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Ingrid+Lundgren&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=B%C3%A9nido+Impouma&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=B%C3%A9nido+Impouma&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=B%C3%A9nido+Impouma&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=B%C3%A9nido+Impouma&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Pierre-Blaise+Matsiegui&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Ayola+A.+Adegnika&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Ayola+A.+Adegnika&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Ayola+A.+Adegnika&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Saadou+Issifou&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=J%C3%BCrgen+F.+J.+Kun&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=J%C3%BCrgen+F.+J.+Kun&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=J%C3%BCrgen+F.+J.+Kun&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=J%C3%BCrgen+F.+J.+Kun&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=David+Hutchinson&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=David+Hutchinson&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=David+Hutchinson&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Hassan+Jomaa&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Hassan+Jomaa&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Hassan+Jomaa&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Peter+G.+Kremsner&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Peter+G.+Kremsner&sortspec=date&submit=Submit
http://aac.asm.org/search?author1=Peter+G.+Kremsner&sortspec=date&submit=Submit

